The family Rhodospirillaceae belonging to the class Alphaproteobacteria currently consists of more than 20 genera of Gram-negative bacteria which are nutritionally and metabolically diverse, including phototrophs and chemotrophs. Members of the genera Phaeospirillum and Rhodospirillum, and some species in other genera including Rhodocista centenaria, Roseospira marina and Rhodospirillum photometricum, prefer phototroheterotrophic growth under anoxic conditions in the light, and alternatively, can conduct chemoheterotrophic growth in the dark under oxic or microoxic conditions (Nissen & Dundas, 1984; Mack et al., 1993; Imhoff et al., 1998; Kawasaki et al., 1992; Garrity et al., 2005) . Other species of the genera Roseospira and Rhodospirillum, such as Roseospira mediosalina, Roseospira navarrensis and Rhodospirillum rubrum, are capable of photoautotrophic growth, together with the above growth patterns (Guyoneaud et al., 2002; Garrity et al., 2005) . Obligate chemotrophs in the family Rhodospirillaceae include aerobic and microaerophilic genera such as Azospirillum, Conglomeromonas, Defluviicoccus, Inquilinus, Magnetospirillum, Oceanibaculum, Thalassospira, Tistlia and Tistrella (Tarrand et al., 1978; Skerman et al., 1983; Schleifer et al., 1991; Coenye et al., 2002; Ló pez-Ló pez et al., 2002; Shi et al., 2002; Maszenan et al., 2005; Lai et al., 2009; Díaz-Cárdenas et al., 2010) , and facultatively anaerobic genera such as Caenispirillum, Fodinicurvata, Nisaea, Skermanella, Telmatospirillum and Thalassobaculum (Sly & Stackebrandt, 1999; Sizova et al., 2007; Yoon et al., 2007; Zhang et al., 2008; Urios et al., 2008; Wang et al., 2009) . All these chemotrophs are heterotrophs but Telmatospirillum siberiense, the only species of Telmatospirillum, also can grow chemolithoautotrophically with hydrogen as an electron donor (Xie & Yokota, 2005) .
In this taxonomic study using a polyphasic approach, a novel marine isolate (strain TT1 T ) obtained in this laboratory was characterized. Data from phylogenetic analysis based on 16S rRNA gene sequences, together with those from physiological and chemotaxonomic characterization, indicated that strain TT1 T could be classified as IP: 54.70.40.11
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During a survey of the diversity of chemoheterotrophic marine bacteria in Anping Harbour, Tainan, located in the south-west coast of Taiwan, seawater samples were collected from the shallow coastal region of this harbour in the morning at low tide. Each sample was decimally diluted to the order of 10 23 with sterile NaCl-Tris buffer (30 g NaCl and 0.24 g Tris base in 1 l deionized water, pH 8.0). Aliquots (0.1 ml) of the decimally diluted samples (10 21 to 10 23 ) were spread onto polypeptone-yeast extract (PY) agar plates (Shieh et al., 2000) in triplicate. The plates were incubated at 25 8C in the dark for 7 days under aerobic conditions. Individual colonies appearing on the plates were picked and purified by successive streaking on PY agar plates. PY stab cultures of the isolates were maintained at 25 8C under aerobic conditions. One of the isolates, designated strain TT1 T , was used in the present study, and was deposited in the Bioresource Collection and Research Center (BCRC) and the Japan Collection of Micro-organisms (JCM) as lyophilized cultures, under the accession numbers of BCRC 80493 T and JCM 18659 T , respectively.
Physiological and morphological characterization of strain TT1 T , including growth and other phenotypic properties, was determined following previously established procedures (Jean et al., 2006) unless stated otherwise. Earlystationary-phase cells harvested from cultures grown in PY broth or on PY agar medium at 30 8C under aerobic conditions were used for analyses of cellular fatty acids, isoprenoid quinones and DNA base composition according to the methods described by Shieh et al. (2008) . However, the HPLC apparatus used for analysis of isoprenoid quinones Tagaea marina TT1 T (KT461820)
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Ferrovibrio denitrificans Sp-1 T (GQ365620) was equipped with a column of Inertsil ODS-2 (1.56250 mm; GL Science) instead of Waters model 5C 18 -AR-II. Fatty acids were extracted, saponified and esterified, followed by GC analysis of the fatty acid methyl esters according to procedures required by the MIDI system (Sasser, 2001) . The fatty acid methyl ester profile was identified using the Library 2005 supplied in the commercial software package Sherlock Microbial Identification System version 6.0 (MIDI).
Cells grown in broth cultures at 30 8C for 3 days were harvested by centrifugation for analysis of 16S rRNA gene sequence. Extraction and purification of total genomic DNA and PCR amplification of the 16S rRNA gene were performed according to the methods described by Jean et al. (2006) . Sequencing, alignment and comparison of the resulting sequence with reference sequences available in the GenBank database, calculation of distance matrices for the aligned sequences, and reconstruction of phylogenetic trees using the neighbour-joining, maximum-likelihood and maximum-parsimony methods were performed as described by Shieh et al. (2004) and Jean et al. (2006) . The stability of clusters was evaluated by bootstrap analysis of 1000 resamplings.
A nearly complete 16S rRNA gene sequence (1467 nt) was determined for strain TT1 T . Preliminary 16S rRNA gene sequence comparisons with sequences in the GenBank database indicated that strain TT1 T belonged to the family Rhodospirillaceae of the class Alphaproteobacteria. The novel isolate showed the highest 16S rRNA gene sequence similarities with species of the closest genera Thalassobaculum (89.9-90.0 % 16S rRNA gene sequence similarity), Oceanibaculum (89.4-89.9 %) and Nisaea (89.1-89.7 %); no other Rhodospirillaceae species shared more than 89.0 % sequence similarity with strain TT1 T . The distant relationship between strain TT1 T and other Rhodospirillaceae species was evident in the neighbour-joining tree, in which this isolate formed a novel genus-level lineage that was an outgroup with respect to a rather robust clade (bootstrap value 90 %) comprising species of the closest genera Thalassobaculum, Oceanibaculum and Nisaea (Fig. 1) . Strain TT1 T , together with this supragenic clade, further clustered relatively loosely (bootstrap value 54 %) with the other supragenic clade comprising species of the genera Fodinicurvata, Limimonas, Pelagibius, Rhodovibrio and Tistlia with 74 % bootstrap support. Similarly, distant relationships between strain TT1 T and other Rhodospirillaceae species were also found in the maximum-likelihood and maximum-parsimony trees (Figs S1 and S2, available in the online Supplementary Material) . The low levels of 16S rRNA gene sequence similarity to all recognized bacterial species (j90 %), together with phylogenetic data from the three tree-making algorithms, showed that strain TT1 T could be assigned to a novel genus.
Strain TT1 T , like most of the phylogenetically closest members of the family Rhodospirillaceae, contained C 18 : 1 v7c (47.5 %) as the most abundant fatty acid (Table 1) . Other fatty acids detected at levels .1 % included C 18 : 1 2-OH (16.3 %), C 19 : 0 v8c cyclo (10.6 %), C 18 : 0 (5.7 %), C 20 : 0 (4.6 %), C 18 : 0 3-OH (4.3 %), C 16 : 0 (3.6 %), C 16 : 0 3-OH (2.1 %), C 16 : 0 2-OH (1.4 %) and summed feature 2 (iso-C 16 : 1 I/C 14 : 0 3-OH; 1.2 %). Strain TT1 T could be distinguished from the closest members of the family Rhodospirillaceae by the presence of C 20 : 0 (4.6 %) and C 16 : 0 2-OH (1.4 %). Other qualitative and quantitative differences of the fatty acids were also found between strain TT1 T and each of these closest species (Table 1) . Table 1 . Cellular fatty acid contents (%) of strain TT1 T and type strains of species of the phylogenetically closest genera in the family Rhodospirillaceae Strains: 1, TT1 T (data from this study); 2, Oceanibaculum indicum P24 T (data from Lai et al., 2009) ; 3, Oceanibaculum pacificum LMC2up-L3 T (Dong et al., 2010) ; 4, Thalassobaculum litoreum CL-GR58 T (Zhang et al., 2008) ; 5, Thalassobaculum salexigens CZ41_10a T (Urios et al., 2010) ; 6, Nisaea denitrificans DR41_21 T (Urios et al., 2008) ; 7, Nisaea nitritireducens DR41_18 T (Urios et al., 2008) . 2, Not detected/not reported; TR, trace amount detected (,1.0 %). 3.0 2.1 2 2 10-methyl C 19 : 0 2 2 2 2 2 1.0 2 Summed features* 2 1.2 2.5 4.1 TR 2 1.0 1.1 3 TR 2.8 17.8 6.0 8.1 13.9 14.1 *Summed features are groups of two or three fatty acids that could not be separated using the MIDI system. Summed feature 2 contains C 12 : 0 aldehyde, iso-C 16 : 1 I and/or C 14 : 0 3-OH; summed feature 3 contains C 16 : 1 v7c and/or iso-C 15 : 0 2-OH.
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Strain TT1 T contained ubiquinone 10 (Q-10) as the predominant respiratory quinone, which is a common feature among members of the family Rhodospirillaceae (Zhang et al., 2008) . Strain TT1 T had a genomic DNA G+C content of 56.4 mol%, which was lower than those of the closest Rhodospirillaceae species (60-68 mol%; Table 2 ).
Strain TT1 T was characterized as a mesophilic, halophilic, Gram-negative rod, which produced circular, greyish, opaque and non-luminescent colonies on PY agar plates. Cells grown in PY broth were motile by means of single polar flagellum. Carbohydrate fermentation tests in PYcarbohydrate stab media (Shieh et al., 2000) showed that the isolate did not ferment any of the tested carbohydrates (D-arabinose, L-arabinose, cellobiose, dulcitol, D-fructose, D-galactose, D-glucose, myo-inositol, lactose, maltose, Dmannitol, D-mannose, melezitose, melibiose, raffinose, Table 2 . Differential characteristics between strain TT1 T and type strains of species of the phylogenetically closest genera in the family Rhodospirillaceae Strains: 1, TT1 T (data from this study); 2, Oceanibaculum indicum P24 T (data from Lai et al., 2009) .; 3, Oceanibaculum pacificum LMC2up-L3 T (Dong et al., 2010) ; 4, Thalassobaculum litoreum CL-GR58 T (Zhang et al., 2008) ; 5, Thalassobaculum salexigens CZ41_10a T (Urios et al., 2010) ; 6, Nisaea denitrificans DR41_21 T (Urios et al., 2008) ; 7, Nisaea nitritireducens DR41_18 T (Urios et al., 2008) (30); intermediately susceptible to penicillin G (10 U); and resistant to cephalothin (30), clindamycin (2), colistin (10), lincomycin (2), nalidixic acid (30), oxacillin (1) and polymyxin B (300 U).
Physiologically, strain TT1 T was distinguished from species of the phylogenetically closest genera in that it was unable to grow at 10-15 8C. The characteristics of positive reactions for nitrate reduction, a-chymotrypsin, cystine arylamidase, esterase (C4), esterase lipase (C8), a-glucosidase, b-glucosidase and trypsin, and the ability to grow at 40 8C and in the presence of 10 % NaCl but not in the absence of NaCl, also made strain TT1 T distinguishable from its closest relatives by four to ten traits (Table 2) . Additional characteristics useful for differentiating strain TT1 T from these closest relatives are listed in Table 2 .
Phylogenetic analyses based on 16S rRNA gene sequences, together with differential data, including fatty acid profiles, DNA G+C contents and physiological characteristics, indicated that strain TT1 T represents a novel species of a new genus within the family Rhodospirillaceae, for which the name Tagaea marina gen. nov., sp. nov. is proposed. Exhibits the following characteristics in addition to those given in the genus description. Cells are approximately 1.5-2.8 mm long and 0.6-0.8 mm wide. After incubation on PY agar at 30 uC for 3 days, colonies are approximately 3-5 mm in diameter, greyish, circular, opaque, convex and non-luminescent, with entire edges. Endospores are absent. Growth occurs at 20-42 uC (optimum 30-35 uC) and at pH 6-9, but not at 10-15 uC, 45 uC, pH 5 or pH 10. NaCl is required for growth; growth occurs with 1-10 % NaCl (optimum 2-4 %) but not with 0 or 12 % NaCl. Nitrate is reduced to nitrite, but not further to N 2 O or N 2 . Oxidase-and catalase-positive. Aesculin, alginate, gelatin, urea and Tween 80 are hydrolysed, but agar, casein, DNA and starch are not. In API ZYM tests, positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin and a-glucosidase; weakly positive for a-chymotrypsin, acid phosphatase, naphthol-AS-B1-phosphohydrolase and b-glucosidase. No reactions for utilization of carbon sources are observed in Biolog GN2 tests. Cellular fatty acids present at amounts w1 % include C 16 : 0 , C 18 : 0 , C 20 : 0 , C 16 : 0 2-OH, C 16 : 0 3-OH, C 18 : 0 3-OH, C 18 : 1 2-OH, C 18 : 1 v7c, C 19 : 0 v8c cyclo and iso-C 16 : 1 I/C 14 : 0 3-OH.
The type strain, TT1 T (5JCM 18659 T 5BCRC 80493 T ), was isolated from shallow coastal water of Anping Harbour, Tainan, Taiwan. The DNA G+C content of the type strain is 56.4 mol%.
